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1.0 INTRODUCTION
 
On March 31, 1966, a program was initiated to eliminate and/
 
or reduce reliability hazards resulting from insulating de­
posits that form on precious metal contacts. The program was
 
a two-phased study, the first of which consisted of analyti­
cal and design studies, material and process reviews, concept
 
development, and fabrication and evaluation of concepts 
neces­
sary to eliminate or minimize the effects of organic contami­
nation of slip ring capsule assemblies. The second phase was
 
the design, manufacture and evaluation of hardware of minimum
 
organic content based upon the studies of Phase I.
 
The second phase is now complete. This report briefly reviews
 
the work conducted during the first phase, describes the second
 
phase investigation and contains conclusions and recommenda­
ti'ons based upon the program as a whole.
 
The manufacture of totally inorganic capsules (exclusive of
 
lead insulation) was successfully accomplished, and miirh was
 
learned about design and methods of substituting inorganic
 
materials in place of more easily used plastics and other
 
organics. Some units have passed all mechanical and electrical
 
tests with the exception of lifetime noise. The method of con­
tact lubrication did not allow the capsules to operate at 
low
 
levels of noise for long periods of time. Design and process
 
improvements are suggested for future inorganic capsules.
 
I 
Further investigation is needed in the area of inorganic con­
tact lubricants; however, the fabricbtion of totally inorganic
 
capsules is definitely feasible and could be done on a pro­
duction basis.
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2.0 	 REVIEW OF PHASE I
 
2.1 	 Summary of Activities
 
The work conducted-during Phase I was organized into fo,,r
 
principal areas of investigation:
 
The fabrication of totally inorganic assemblies;
 
The fabrication of assemblies of reduced organic
 
material;
 
The fabrication of inorganically lubricated con­
tact 	surfaces; and
 
The testing of bearings with inorganic lubricants
 
and 	low contamination organic lubricants.
 
In addition, testing was done on prototype capsules of
 
inorganic and low organic materials. One parallel con­
trol test series was conducted to evaluate the perfor­
mance of inorganically lubricated electrodeposited gold
 
Three concepts were investigated for the fabrication of
 
totally inorganic assemblies. These concepts were:
 
I. 	 Sta-ked Assembly - Convertible glass-ceramics were
 
stacked and fired to form both slip ring rotors an(
 
brush assemblies. The glass phase was Fotoform B1
 
which converted to a ceramic, Fotoceram2 , as the
 
Corning Glass Works
 
2 Corning Glass Works
 
3 
stacked wafers were fused to each other. As the
 
program progressed, the'stacked assembly process
 
showed greatest possibilities for further con­
sideration and was selected for the-second phase
 
design.
 
2. 	 Tube ahdSpline'Assebly - The tube and spline con­
cept involved heat shrinking a glass tube over a 
ceramic or glass spline containing axial leads in 
the grooves.. The ceramic spline was extruded,from
 
aluminum oxide and fired; a vitreous frit glass was
 
used to fire the spline onto the centershaft. The
 
glass tube was fitted over the spline and mated to
 
the front face of the flapge. The tube was attached
 
to the flange and spline with the use of heat and
 
vacuum.
 
The brush assembly for use with the spline and,tube
 
concept was made from aluminum oxide. It was a com­
posite substrate assembly having the internal leads
 
spaced between thitn layers of alumina. Theleads were
 
metallized onto these thin layers and brought to the
 
surface. The individual layers were then fired and
 
fused into a dense composite.
 
As a 	result of delays in obtaining, exact matches of
 
material properties, only sample quantities of the
 
subassemblies were produced, but the structural 
con­
cept was proven-feasible.
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3. 	 Cast and Sintered Assembly - The cast and sintered
 
concept involved the casting of glass "slip" (or
 
slurry) in plaster molds, which was dried and finally
 
sintered to a homogenous glass. The ring subassembly
 
was made by loading the Kovar metal ring and l'ead
 
assemblies,..along with a center shaft, into a plaster
 
mold cavity and filling the cavity with glass slip.
 
After drying, the part was removed and sintered. The
 
same 	principle of loading a plaster mold with leads
 
was used for the brush subassembly.
 
There was no success with this concept which would
 
indicate feasibility.
 
A highly successful method of fabricating a low organic
 
assembly was to drill lead exit holes in the glass tube
 
and load the tube with leads. A specially formulated low
 
expansion plastic was cast into the bore, encapsulating
 
the leads. Other low organic concepts were discarded early
 
in the program because of the success with the drilled
 
glass tube method.
 
Gas pressure bonding, plasma spraying and electrodeposi.
 
tion 	were investigated as methods of forming gold-niobium
 
diselenide composites. It was not feasible to form a
 
Au-NbSe 2 composite by plasma spraying of a fine powder
 
blend of contact material. Dense, sound composites of
 
gold and niobium diselenide were formed by gas pressure.
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bonding techniques. The powder metallurgy technique was
 
conc'luded, to be a quite satisfactory one if the composite
 
were formed on metal rings which were in turn bonded to
 
the sl'ip ring leads. The bonding of lead. directly to,
 
pressed composi'tes was not considered to be satisfactory
 
An extensive survey of possible inorganic and organic
 
bearing lubricants led to the selection of the following
 
materials for festing:
 
Inprganic/Organic Trade Name Manufacturer
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 (type)
 
Inorganic 3 Hi T General Magnaplate
 
(electrodeposited)
 
Inorganic CLD 5940 CBS Laboratories
 
(vapor deposited)
 
Inorganic Everlube 811 Haward Corporation
 
(sodium silicate
 
bonded MoS2 and
 
graphite)
 
Organic Versilube F-50 General Electric
 
(silicone fluid)
 
Organic Fluorolube S-30 -Hooker Chemical
 
(fluorinated liqui.d).
 
-Organic .Nujol Plough Inc.
 
-(mineral oil)
 
The sodium silicate bonded molybdenum disulfide provided
 
the most consistent torque in excess of 500 hours (except
 
under moist conditions) and was selected for use i-n the
 
3HiTwas subsequently found to-have an orqanic bondina
 
agent of a pbenolic base.
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Phase II study. Satisfactory performance could also be
 
expected with mineral oil and fluorinated lubricants of
 
viscosity similar to Nujol and Fluorolube S-30.
 
2.2 Conclusions of Phase I
 
Slip ring capsule assemblies can be feasibly manufactured
 
from totally inorganic materials. The most successful
 
prodess to date for both slip ring and brush assemblies
 
has been the fusion of the alass ceramic disks (nr wafers:
 
under pressure.
 
Slip ring capsules of the low organic type can be feasibl)
 
produced in the same size packages as conventional units.
 
Glass barrier slip rings and very low organic content
 
brush blocks would be used.
 
Manufacture of the contacts with a composite of gold and
 
niobium diselenide selfrlubricating surface is feasible
 
for applications where noise levels in the range of 20 to
 
60 milliohms can be tolerated for periods up to 500 hours.
 
Sodium silicate bonded molybdenum disulfide and graphite
 
is a satisfactory inorganic bearing lubricant. Nujol and
 
Fluorolube S-30 are satisfactory organic bearing lubri­
cants when applied in prescribed quantities and operated
 
at 500C.
 
2.3 	 Recommendations for Phase II units were that Poly-Scientific:
 
1. 	 Fabricate slip rings and brush blocks from stacked
 
and fused Fotoceram.
 
2. 	 Electroform rings of 24 K gold and lubricate them
 
with a gold-niobium diselenide efectrodeposit.
 
3. 	 Lubricate bearings with Everlube 811.
 
4. 	 Seal the entire capsule to the maximum extent
 
possible.
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3.0 PHASE II.- PROGRAM AND-ACTIVITIES
 
During Phase II, a total of five units (DP1766) were fabri­
cated by the stacking and firing of Fotoceram brush.blocks
 
and slip rings. The contacts were lubricated with electro­
deposited niobium diselenide and the bearings with Everlube
 
811. The capsule housings were designed to close with gra­
phite seals so that the contacts were partially sealed from
 
external contamination. Appendix IV contains detailed engi.
 
neering drawings of the capsules and components. Records of
 
fabrication difficulties and methods of solution were kept
 
during the building of the units. The details of problems in
 
fabrication are discussed later, along with action taken for
 
improvement. Three of the completed capsules were performance
 
tested during vibration, and acceleration and after shock tests;
 
two capsules were life tested for 5000 hours. 
 All units were
 
evaluated after testing in order to determine what improvements
 
could be incorporated in future designs and processes.
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4.0 FABRICATI.ON OF INORGANIC CAPSULE
 
4.1 Concepts
 
AHi, five slip rings were fabricated by the stacked assembly
 
techniques, and the only organic components used-were Tef­
.lon- insufated leads.
 
Internal slip ring and brush block conductors were fired
 
in place as the Fotoform was being fused and converted
 
into Fotoceram.
 
The rings-to-slip ring-lead conductors and the brush-to­
brush block conductors were electroplated copper. Silver
 
was painted and used as a ri'ng starting conductor. After
 
the slip ring was plated with approximately 0.5 mil of
 
copper, the silver and copper over the lead ends were
 
picked away so that there would be direct electrical con­
tact between the internal slip ring leads and the copper
 
ri'ngs which served as substrates for electroformed 24
 
karat gold. The electroformed gold was grooved and over­
plated with a composite of nickel hardened gold and
 
dispersed niobium diselenide. A copper reduction coat
 
allowed the electroforming of copper pads to which brushes
 
could be attached by soIdering-.
 
Sauereisen #31 was used for potting over the external to
 
ISauereisen Cement Company
 
1tO 
internal slip ring lead joints and for bonding the name­
plate to the capsule. A one-piece end cap and housing
 
was fitted to a spring loaded graphite seal.
 
4.2 Details of Problems and Solutions
 
There were a number of design and manufacturing problems
 
resulting from using only inorganic materials. One of the
 
first difficulties was that the unfired glass (Fotoform B)
 
was quite fragile and had to be handled with care. We
 
found that glass could be very easily cracked or chipped
 
when a technician was inserting relatively stiff wires
 
through holes in the slip ring wafers or slots in the brush
 
block wafers. The solution to this probl-em was to pre­
form the conductorsso that very little stress would be
 
applied to the Fotoform during the stacking of the unfired
 
assemblies.
 
Eight units were started for the Phase II program, but
 
three were damaged beyond repair during the firing opera­
tion. A redesign of the firing fixture allowed the re-­
maining five units to be completed. Cpmplete wafer-to­
wafer bonding was still not obtained between either the
 
slip ring wafers or between the brush block ones. The
 
wafers were held slightly apart by the internal leads which
 
were present in the assemblies at the fi-ring stages. Good
 
wafer fusion was found away from the leads, but there were
 
some non.-bonded areas between leads which later resulted
 
in electrical shorts.
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The voids between wafers were first patched with solder
 
glass which unfortunately was attacked by the plating baths
 
We learned that Sauereisen#31 was not damaged by plating
 
electrolytes and it was subsequently used in place of the
 
solder glass. Future units should be designed so that
 
there will be little or no interference between stacked
 
wafers and conductors. Also, attention must be given to
 
applying uniform pressure to all fired surfaces so that
 
the wafers will be uniformly forced together while they
 
are in the plastic state. We have discovered that part
 
of the fusion problem was caused'by rough Fotoform wafers.
 
Rough wafers, as were used during Phase II,do not fuse
 
nearly as well as smooth ones. We now require that all
 
Fotoform have a 25 microinch (CLA) finish and the problem
 
of i'ncomplete fusion has been essentially eliminated on
 
the Fotoceram units currently beinQ manufactured at Rolv-

Scientific.
 
As a result of this study, we learned that external pro­
trusions or bosses that can be broken or ground away
 
after firing can assist in the stacking of Fotoform
 
wafers. Designers of Fotoform wafers should remember
 
that the photoetch process does not necessitate the use
 
of straight lines, round holes., absence of sharp under­
cuts, and uniform radii that are so desirable for machined
 
components. For instance, future rotor wafers should be
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designed, as shown in Figure 1, so that the tabs can be
 
used for positioning-during firing and then ground or
 
.broken away after firing is completed. Future designs
 
should not require depth etching of Fotoform. If a depth
 
etch is required, 'itshould not be done on a wafer that is
 
also to be through-etched. For example, the DP1766 brush
 
block wafer which contained leads can be designed so that
 
depth etching is not necessary, if breakaway fixturing
 
material- is included in the Fotoform design.
 
Some difficulties in drilling holes to internal leads were
 
encountered. The problem of locating internal leads was
 
intensified by the fact that the shrinkage of the Foto­
ceram during firing could not be determined accurately
 
beforehand. We now have learned more about the dimen,­
sional changes which occur when Fotoform is converted to
 
Fotoceram. However, a test assembly should be fired be­
fore positioning fixtures are designed for subsequent
 
grinding and drilling operations, since the dimensional
 
changes upon f-iring depend on applied load, height of
 
stack, Fotoform surface finish, shape of wafer and method
 
of fixturing.
 
The P-S E.S. 56 leads oxidized during firing so that un­
supported leads were so brittle that they broke when
 
attempts,were made to braze external leads to them.
 
(Figure 2). It was therefore necessary to grind ceramic
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Large Wafer
 
Small Wafer
 
Figure 1 
Design of rotor wafers with removal tabs
 
that could be used to assist in position­
ing wafers during firing operation.
 
away from a remaining part of the leads and soda blast
 
them to remove surface oxidation. The leads were then
 
too confined to~allow brazing so it was necessary to
 
solder the external to internal leads together and to
 
insulate over the joints-with Sauereisen #31 (Figure 3),
 
Future Fotoceram units which are fired with leads in
 
place should be fired in an inert or slightly reducing
 
atmosphere so that lead oxidation will be reduced to a
 
minimum.
 
I!
 
Figure 2 
Etched cross section of P-S E.S. 56
 
internal lead. Note intergranular
 
corrosion caused by approximately 4
 
hours exposure to air at 15000F.
 
(285X)
 
Figure 3
 
Back of ceramic brush block. White
 area at the right is Sauereisen #31
 
which has been potted over internal
to external lead joints. (2.5X)
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5.0 TESTING OF CAPSULES
 
5.1 Test Procedures
 
Three units were tested for d.c. resistance, contact
 
resistance vari'ation 
(noise), torque, and i'nsulation
 
resistance before and after acceleration, vibration,
 
shock, and load tests. The details of the test pro­
cedures are described in Appendix II. Two units were
 
lIffe tested as described in paragraph 4.10 of Appendix
 
I.I'. The life test units were also tested for d.c. re­
sistance, contact resistance, noise, and insulation
 
resistance as descriged in paragraphs 4.1 through 4.4
 
of the Test Procedur.e. The detailed test results are
 
recorded in Appendix III.
 
5.2 Results
 
5.2.1 Qualification Test Units (three) - The initial
 
noise levels of all circuits on all three capsules were
 
less than 10 milliohms after acceleration, vibration and
 
shock tesats. Two qualification units showed a signifi:
 
cant increase in noise after 
the load test, but noise on
 
the third capsule decreased slightly after load testing.
 
The highest noise on a single circuit-after qualification
 
testi-ng was 22 milliohms. The maximum noise experienced'
 
during acceleration testing was 7 milliohms and there
 
were no significant changes in d.c. resistances: Noise
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reached as high as 50 milliohms during vibration test­
ing, but we believe this was partly because the test
 
drive shaft reached resonant frequency. Maximum noise,
 
exclusive of that probably caused by resonance of the
 
test fixture, was approximately 20 milliohms.
 
One unit had two-high potential shorts and another had
 
five at the beginning of the testing program. The in­
sulation resistances did not change appreciably during
 
acceleration, vibration or shock testing, but dropped by
 
approximately three orders of magnitude after load tests.
 
Not considering the initially shorted circuits, the mini­
mum insulation resistance after load testing was four
 
megohms. DC resistance did not change significantly
 
,during any of the qualification tests. Maximum capaci­
tance between circuits was 68 picofarads - maximum
 
capacitance to ground was 37 picofarads.
 
The initial torque of the qualification units varied appre­
ciably (see Table I). In general, the torque decreased as
 
the units were tested.
 
The differences in bearing torques were the dominant reason
 
for the differences in torque needed to turn slip ring cap­
sules. Even though brush formation was checked after brush
 
block assembly, the variation in measured brush force was
 
great.
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TABLE 1: TORQUE AND BRUSH FORCE DATA FROM QUALIFICATION.UNITS
 
Initial Torque During Bearing Brush Force Brush 
s/N Torque(gm-cm) Post Test Evaluation TorqueAfter Test After Test (gm-cm) 
Force 
Range 
.(-gm-cm) 
. (average) 
3 35 25 13 .3.5 2-6.5 
-48 13 9 5.0 4-5.5 
5 -435 18 29 4.7 2-6.2 
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5.2.2 Life Test Units - The initial maximum noise on 
the two life test units was 13 milliohms and 32 milli­
ohms respectively. At the end of 500 hours, the maximum 
noise levels were 80 and 1100 milliohms. Figures 4 and
 
5 indicate the lowest, highest, and median circuit noi-se
 
levels for capsules S/N I and S/N 2. S/N I performed
 
similarly to the test capsules that were lubricated with
 
a gold-niobium diselenide composite during Phase I, and
 
were tested for only 500 hours. The second capsule ex­
ceeded comparabl'e Phase I noise test results after 168
 
hours. Sometime after 500 hours, noise on all circuits
 
of both capsules-exceeded I ohm.
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.U EVALUATION OF PARTS
 
6.1 Structural
 
The capsules were not structurally or functionally damaged
 
by the acceleration, vibration and shock tests. 
 The
 
Sauereisen used as.a nut locking compound on the slip ring
 
,front shaft appeared to have been slightly cracked, but the
 
cracking was not sufficient to allow the cement to break
 
from the part. The ceramics were in no way damaged by the
 
me(hani-cal 
tests and there were no joint failures. The
 
internal to external lead joints were sound even though
 
the internal leads had been oxidized (Figure 6). 
 Some
 
of the p1ated jumpers between internal lea'ds and rings
 
or,brush pads contained large voids (Figure 7). These
 
voids were probably caused by entrapped air during plat­
ing. Euture units should be vacuum impregnated wi-th
 
plating solution and then the jumpers electrodeposited
 
while the plating bath is being ultrasonically agitated.
 
There was discoloration of the Fotoceram in 
areas which
 
adj6ined the oxidized P-S E.S. 56 internal leads. The
 
discoloration was probably caused by oxides of the
 
E.S. '56material and not by the alloy itself. Thus,
 
the firing of the Fotoform internal lead assemblies in
 
an inert or slightly reducing atmosphere may reduce the
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Figure 6 
Solder joint between internal and ex­
ternal leads. Note that the residual
 
oxidation of the internal lead did not
 
prevent it being wetted by the solder.
 
(138X)
 
Figure 7
 
Cross section of copper jumper plated
 
between internal brush block lead and
 
brush pad. Large void was probably
 
caused by trapped air. (138X)
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amount of discoloration. The discoloration does not
 
represent a structural problem, but the subassemblies
 
would have a more pleasing appearance if they were uni­
form in color. There will be some slight differences
 
in color from one wafer to another if the wafers are
 
not flooded (exposed to high intensity light) and
 
otherwise processed in exactly the same manner during
 
the manufacture of the Fotoform.
 
There was very little wear of the graphite seal
 
(Figure 8). No loose graphite particles were seen
 
and the amount of graphite transferred to the rotor
 
flange surface was slight (Figures 8 and 9).
 
Brush alignment was quite good (Figure 10).
 
6.2 Electrical
 
Dielectric failures which were a result of incomplete
 
wafer fusion (Figure 11) can be corrected by further
 
refinement of Fotoceram firing techniques. We are pre­
sently stacking five wafers to form an eight segment
 
switch without problem of high potential shorts between
 
segments, or between segments and ground. An increase
 
in relative humidity is believed to be the cause of
 
the drop in insulation resistance after the load test
 
was performed. The insulation resistance before load
 
testing was on May 1, 1969 (! 37% RH). The after load
 
tests were performed on July 14, 1969 (!'48% RH). The
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Figure 8 
Side view of graphite sea]. Note absence
 
of graphitic wear debris. (14X)
 
Figure 9
 
The dark area on the slip ring base was
 
caused by burnishing of the graphite seal.
 
There are very few loose particles of
 
graphite. (liX)
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Figure 10 
Capsule as viewed through slot in housing
 
after 5000 hour life test. Even though
 
the slip ring is rotated so that the wear
 
debris is at a maximum, there is only a
 
small amount of it on the ring shoulders
 
and barriers. (14X)
 
Figure 1 1
 
Photomicrograph showing extreme case of
 
voided areas between ceramic wafers in
 
the area of an internal lead. Note also
 
the poor fusion between wafers. (69X)
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months of June and July were, in general, humid and
 
probably caused the capsules to adsorb some water.
 
6.3 Contacts
 
Initial noise levels were low (e.g., 10 milliohms),
 
but they increased to approximately I ohm after about
 
500 hours of testing. The amount of wear debris ap­
peared to be quite small when one looked through the
 
windows of the life test capsules (Figure 10). Re­
moval of the brush blocks on one of the life tests
 
units revealed the presence of black adherent debris
 
which was concentrated in the area of the wear spots
 
(Figures 12 and 13). The black part of the debris
 
dissolved in a solution of concentrated H2 So4 satu­
rated with CrO There were a few gold particles
3 

(<5 volume percent) in the wear debris which did not
 
dissolve in the H2 So4 -CrO 3 solution. Most polymers
 
will dissolve in H2 SO4-CrO 3 solutions, and tests at
 
Poly-Scientific showed that NbSe 2 is not soluble in
 
the acid mixutre. Thus, we feel that the black debris
 
was an organic polymer and that it was probably the
 
cause of the high noise. The source of carbon for the
 
polymer is not certain. The units were tested in a
 
nitrogen atmosphere and the dielectric materials
 
were ceramics. It has been reported that hard
 
gold plates of the type used can co-deposit organic
 
1Munier, G. B. 
- "A Study of Polymer Co-Deposition with Gold
 
during Electroplating", presented at American Electroplater's

Society Meeting, Boston, Massachusetts, February 1969.
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Figure 12 
Overall view of rotor after 5000 hours of
 
testing. The areas which contacted the
 
brushes during oscillation are at the top,
 
but as the slip ring was rotated during
 
noise testing, wear debris was transferred
 
and redeposited along the bottom of the
 
slip ring grooves. ?7X)
 
Figure 13
 
Grooves of slip ring (S/N 1) after 5000
 
hours of testing at 5 - 6 cps, 6 double
 
amplitude. Note that most of the wear
 
debris remained in the grooves and that
 
it is as high as the bottom of the wear
 
areas on the rings. (20X)
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materials. The lower the cathode efficiency of the
 
plating bath, the greater the likelihood of polymeric
 
material being co-deposited with the gold. Cathode
 
efficiency decreases in the acid gold bath I 
from
 
approximately 35% to approximately 27% as the current
 
density is decreased from 7.5 ASF (the current density
 
normally used) to 2.5 ASF (the current density used
 
during deposition of the Au.NbSe 2 composite). Some
 
organic material could have been in the nitrogen or
 
counter diffused (with respect to the N2 flow) into
 
the test chambers. However, the quantity of debris
 
was on the order of that expected to form on a similar
 
unit with conventional lubrication and organic in­
sulators when tested in air. 
 The black debris was in
 
contrast to the fluffy, loose type polymer found in
 
conventional slip ring capsules in that 
it was more ad­
herent and appeared to contain "oil". 
 Oil is used as a
 
descriptive term only, for the unit was definitely not
 
lubricated with a liquid material.
 
The black debris was situated in the grooves in such
 
a manner that we feel 
sure that it was the cause of
 
the high electrical noise.
 
There was appreciable wear 
of both the rings and the
 
brushes (Figures 13, 14, 15 and 16). A typical brush
 
ITechnic, Inc.
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Figure 14 
Cross section of slip ring groove in area
 
worn by oscillation. The gold-niobium di­
selenide composite appears dark because of
 
etching. It was over-plated with nickel
 
to more clearly delineate the wear area
 
which does not extend through the compo­
site to the gold substrate.(285X)
 
Figure 15
 
Wear spot on a brush taken from a life
 
test capsule (S/N 1). Note the black
 
wear debris and the absence of prow
 
formation. (40X)
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was worn to a maximum depth of 0.0003 inch. The gold­
niobium diselenide composite plates were in some cases
 
worn approximately two thirds the way to the substrate
 
gold electroform (Figure 14). In no case was the com­
posite worn through to base metal. The wear rate was
 
approximately 10- 10 in./in. The composite was harder
 
than expected (169 HK 0 ). In comparison, the 24 karat
 
electrodeposit had a hardness of 87 HK10 .
 
We found that even though the brushes were formed cor­
rectly before assembly, they did not have the correct
 
force after assembly. The differences in force could
 
have been caused, in part, by the fact that only two of
 
the three frame surfaces to which the block was designed
 
to mate could be used. Thus, the brush blocks may have
 
been slightly twisted. The brush block "ears" (shown in
 
Figure 3) were designed to fit snugly in the slot of the
 
frame; however, to obtain correct brush alignment, the
 
ears had to be ground so that they did not contact the
 
inner side of the frame slot. The correct mating can
 
be obtained, on future units, by a slight redesign of
 
the brush block wafers. We will check the brush force
 
of future units immediately after assembly, rather than
 
rely on correct brush formation and torque as measure­
ment indicators of correct brush force.
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6.4 Bearings
 
There were no bearing failures and the wear of the sodium
 
silicate bonded MoS2 and graphite (Everlube 811) was
 
slight. There were a few loose particles of lubricant
 
inside the bearings, but none of them appeared outside
 
of the bearing shields. In fact, fewer than six particles
 
were observed on the internal surfaces of four shields
 
removed from two bearings. The quantity of loose parti­
cles in these bearings (Figure 17) which were operated
 
for 5000 hours did not appear any greater than the
 
quantity found in the bearings which were tested for 500
 
hours during Phase I. Both inner and outer races (Figure
 
18) were uniformly burnished and there was no sign of
 
Brinelling; also, the lubricating film remained continuous
 
and smooth on all surfaces. The balls of the bearing did
 
not appear (30X) to be worn as a result of being operated
 
in an oscillating mode for 5000 hours at 5 - 6 cps (Figure
 
19). We feel that future inorganic units should contain
 
bearings lubricated with sodium silicate bonded MoS2 and
 
graphite. Also, this lubricant appears to be an excel­
lent candidate for vacuum applications.
 
We found that running reduced the friction torque of
 
the qualification units. Future bearings lubricated with
 
sodium-silicate bonded molybdenum disulfide and graphite
 
should be run-in so that a smooth burnished finish is ob­
tained before use.
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Iigure 16 bu sowi n wear area.
o sion o
The wea e approiml y 0.0003Iiich
 
I
 
Figure 16
 
Cross section of brush showing wear area.
I The wear extends approximately 0.0003 inch
 
along a radius from the original circum­
ference of the brush. The black areas are
 
wear debris sandwiched between a nickel
 
overplate and the brush. (550X)
 
Figure 17
 
SR155 bearing after 5000 hours of operation
 
at 5 -6 cps, 6* double amplitude. (7.5X)
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Figure 18 
Inner bearing race after life test. The
 
lubricating film is burnished, but not
 
chipped, flaked or worn to the stain­
less steel. (16X)
 
Figure 19
 
Balls and one retainer ribbon from bear­
ing of a life test unit. Notice that balls
 
are coated with lubricant and that lubri­
cant on the sides of the retainers has
 
been only slightly burnished. (18X)
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7.0 CONCLUSIONS OF PROGRAM
 
The following program conclusions are advanced:
 
Slip ring assemblies can be feasibly manufactured from totally
 
inorganic materials. The most successful process for both slip
 
ring and brush assemblies has been the glass ceramic disks 
(or
 
wafers) fused under pressure. To the best of our knowledge,
 
this is the first time that a totally inorganic slip ring cap­
sute has been fabricated.
 
Sodium silicate bonded molybdenum disulfide and graphite serves
 
as an excellent inorganic bearing lubricant when operated in 
a
 
N2 atmosphere at 500C.
 
Composite rings are not yet satisfactory sliding electrical 
contacts for operation in excess of 500 hours at 5 - 6 cps. 
Noise levels are too high and wear too severe. The composite
 
could be used approximately 200 hours if noise levels in the
 
,range of 20 to 60 milliohms could be tolerated. The performance
 
of the electrodeposited gold-NbSe2 is equivalent to similar rings
 
produced by pressing techniques.
 
Slip ring capsules of the low organic type can be feasibly
 
produced in the same size packages as conventional units.
 
Glass barrier slip rings and very 
low organic content brush
 
blocks would be used. 
 Changes would be required for specifi­
cation GC125355 to permit such a modification.
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The experience gained by virtue of this study has allowed
 
Poly-Scientific to manufacture, in production quantities,
 
two types of completely inorganic switches which can be
 
operated at temperatures in excess of those which would
 
destroy conventional organic dielectrics.
 
More invest'igatidn is needed in the area 
of totally in­
organic contact lubricants.
 
.Design and process improvement recommendations for future
I. 
fnorganic units are l'isted in Appendix I.
 
The specific technical accomplishments of the program were:
 
1) A technique was applied for-fusing Fotoform wafers to 
build ceramic bodies for electrical integrity. 
2) A method was developed for introducing electrical con­
ducting elements in the Fotoceramic bodi-es with conti­
nuity and electrical separation. 
3) A-method of applying solid lubricant by co-electrodeposi 
tion was developed. 
4) A satisfactory inorganic bearing lubricant was demon­
str-ated for N2 environment which probably would be satis 
.factory in vacuum. 
5) The glass surface slip ring concept was shown to be 
reducible to practice with the enclosure as conventional 
sli-p ri-ngs. 
6) Ultrasonic drilling of ceramic and glass bodies was 
made practical. 
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7) Plastic formulations were developed with coefficients 
of thermal expansion so low as to nearly match soda­
lime gl-ass. 
8) Techniques were developed for grinding ceramic and 
glass to good surfaces without breaking. 
9) Laser welding was proven feasible where permanent 
mechanical support for the components is designed 
into the unit. 
0) A spline and tube method of inorganic slip ring manu­
facture was shown to be feasible for low cost, low 
precision slip rings. 
Poly-Scientific gained considerable general information about
 
various glasses, ceramics and lubricants. This knowledge has
 
already been applied to a number of other programs, and has
 
ben of particular benefit during the design and development
 
of assemblies which are to operate in space environmentor
 
at high temperatures.
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A P P E N D*I X I 
DESIGN AND PROCESS IMPROVEMENTS
 
RECOMMENDED FOR FUTURE INORGANIC
 
CAPSULES
 
DESIGN AND PROCESS IMPROVEMENTS
 
RECOMMENDED FOR FUTURE INORGANIC
 
CAPSULES 
As a 	result of this study, we recommend that:
 
1. 	 External bosses and tabs of Fotoform be used to assist in
 
-positioning wafers during firing or assembly.
 
2. 	 Depth etched wafers be avoided in preference to through
 
etch ones. A 20 to I etch rate should be assumed,
 
3. 	 Fotoform wafers comply with P-S E.S. 344 which requires a
 
smoother surface finish than that 
on the Phase II wafers.
 
4. 	 Fbtoform containing internal 
leads be fired in an inert or
 
slightly reducing atmosphere.
 
5. 	 Firing fixtures be designed to provide uniform pressure
 
over 	entire horizonal surfaces of Fotoform.
 
6. 	 Internal to external jumpers be plated via processes of
 
vacuum impregnation of electrolyte and ultrasonic agita­
tion of electrolyte during electrodeposition.
 
.7. 	Brush block Fotoform wafers be slightly redimensioned so
 
that all three brush block aligning surfaces can be used.
 
8. 	 Brush forces be checked immediately after assembly.
 
9. 	 Sodium silicate bonded MpS2 and graphite lubricated bear­
ings be run-i-n before brush blocks are 
placed on the capsule.
 
IO. A matrix gold electrodepositxthat does not contain polymer
 
(e.g., BDT 200) be used in the formation of gold-niobium
 
diselenide composites.
 
1 Sel Rex
 
11. If there is allowable space, Au-NbSe 2 composite brushes be
 
used in conjunction with hard gold rings.
 
A.P P E N D I X II
 
QUALIFICATION TEST PROCEDURE
 
FOR
 
DP1766 CAPSULE SLIP RING ASSEMBLY
 
QUALIFICATION TEST PROCEDURE
 
FOR 
DP1766 CAPSULE SLIP RING ASSEMBLY
 
Procedure No. RLT - 91
 
Date 27 February .969
 
Revised
 
Approved;
 
1. SCOPE
 
This procedure describes the testng required for qualification of the
 
12 circuit capsule slip ring assembly in accordance with Marshall Space

Flight Center Drawing No. GC-125355 Rev. H, dated 2-17-67 and the
 
Military Standards referred to in the drawing.
 
2. TEST UNITS
 
Five prototype assemblies shall be used as the qualification units.
 
3. TEST EQUIPMENT REQUIRED
 
General Radio Megohmmeter Model 1862C
 
General Radio Precision Decade Resistor Box type 510-AA in .UIU steps
 
Hewlett Packard Power Supplies, Model 721A
 
Cimron Digital Voltmeter Model 6200A DVM
 
Cimron Preamplifier Model 6801A
 
Sanborn Model 150 Recorder with AC-DC Preamplifier Model 150-1000
 
Sanborn Low Level Amplifier Model 850-1500A
 
Sanborn Medium Gain Amplifier, 8 Channel, Model 658-3400 with Optical
 
Recorder Model 650.
 
Bruel and Kjaer Exciter Control Preamplifier type 1608
 
Bruel and Kjaer Accelerometer
 
Bruel and Kjaer Automatic Vibration Exciter Control Model 1018
 
Unholtz-Dickie Shaker system No. 52
 
AVCO Shock Machine Model SM-005
 
Tektronix L-C Meter type 130
 
Tektronix Oscilloscope Model 533 or equivalent
 
Tektronix Preamplifier type "E" or lA7"
 
Tektronix Preamplifier type "CA"
 
Waters 0-42 Gram/Centimeter Torque Watch Gauge
 
Radio Frequency Laboratories Variable Frequency Power Supply Model 150
 
Poly-ScientificShock, Vibration and Acceleration Test Fixture
 
Poly-Scientific Centrifuge
 
Poly-Scientific Noise Test Drive Fixture
 
Poly-Scientific Current Control System
 
Poly-Scientific Run-In Fixture
 
Poly-Scientific Life Test Fixture
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TEST EQUIPMENT REQUIRED (... Continued) 
Rotational Drive Motors for Vibration and Acceleration Tests.
 
Wire Wound Resistor.
 
Assorted Cables, Hardware and Other Required Incidental Hook-Up
 
Equipment
 
4. OPERATION SEQUENCE
 
4.1 D.C. Resistance
 
4.1.1 	Adjust the power supply and current control system to 10 VDC
 
open circuit voltage with 0.010 ampere current.
 
4.1.2 	Using the digital voltemeter, measure and.record each circuit
 
of the capsule assembly.
 
Contact Resistance Variation (Noise)
 
4..2 1 Install the capsule assembly on the noise test drive fixture.
 
4.2.2 	Adjust the power supply to 10 VDC open circuit voltage and
 
the current control to 0.100 ampere.
 
4;2.3 	 Rotate the capsule assembly rotor at 2 RPM with.super-.
 
imposed oscillation of 50 ±10 DA @ 6-8 Hz.
 
4.2.4 	Test tke capsule assembly and record the noise level of each
 
circuit pair.
 
4.3 TORQUE
 
4.3.1 	Using the torque watch gauge, take six random torque mea­
surements of the capsule slip iing rotor with the housing
 
3tatic.
 
4'3.2 	 Record both the maximum and the minimum torque readings on
 
the data sheet.
 
4.3'.3 The torque test shall be performed within 15 minutes from
 
"- completion of the noise test.
 
4'4 Insulation Resistance
 
4.4.1 Using the 500 volts setting on the megohmmeter, measure and
 
record on the dats sheet each circuit to all other circuits
 
and all circuits to the frame.
 
4.4.2 	Apply the voltage to the circuit until the meter has stabilized,
 
then take the reading-.
 
'4.4.3 	Testing shall be performed at 22 ±50 C. with 50% Relative
 
Humidity.
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4.5 Capacitance
 
4..5.1 	 CO, LSJV Ll -e Meter to Circuits 1-2. 
4.5.2 	Measure and record the capacity of the circuit pair,
 
then measure and record the capacity of circuit 1 to frame
 
and circuit 2 to frame.
 
4.5.3 	Measure the remaining circuits in the same manner and
 
-.record each reading on the data sheet.
 
4.6 Acceleration
 
4.6.1 	Install the capsule assembly in the test fixture and
 
attach the fixture to the centrifuge arm.
 
4.6.2 	 Install the rotational drive motor on the centrifuge arm
 
and connect to the capsule assembly.
 
4.6.3 	Make the required electrical connections.
 
4.6.4 	Adjust the centrifuge speed to attain 20 ±2 Gs for 30
 
minutes in each of the three mutually perpendicular axes.
 
4.6,5 The DC Resistance and Noise shall be monitored during the
 
test.­
4,6.6 	Upon completion of acceleration testing, perform DC Resis­
tance, Noise, Torque and Insulation Resistance tests per

Paragraph 4.1, 4.2, 4.3 and 4.4 of this procedure..
 
4.7 Vibration
 
4.7.1 	Install the capsule assembly in the vibration test fixture,
 
4.7.2 	Connect the rotational dirve motor to the capsule assembly
 
rotor.
 
4.7.3 	Program the vibration exciter control to sweep from 20 to
 
2000 and return to 20 Hz in 20 minutes.
 
4.7.4 	Set the amplitude at 0.06 inches displacement, use 55 Hz
 
as the crossover, and set the acceleration to 15 Gs peak
 
4.7.5 	Vibrate each of the three mutually perpendicular axes for
 
one hour.
 
4.7.6 	The noise level shall be monitored during the vibration.
 
4..7.7 	 When the vibration testing is completed, perform DC Resis­
tance, Noise, Torque and Insulation Resistance tests per
 
Para. 4.1. 4.2, 4.3 and 4.4 of this procedure.
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4.8 Shock 
4.8.1 Install the capsule assembly in the shock test fixture and 
secure to the shock machine, taking care to secure all lead 
wire. 
4,8.2 Apply 20 Gs acceleration with 7 to 11 milliseconds duration 
half sine pulse, one blow in each direction, to each of the 
three mutually perpendicular axes. 
4.8.3 A total of six blows is required. 
4.8.4 Using the oscilloscope, monitor the acceleration level and 
the pulse-duration of each blow. 
4.8.5 When the shock testing is completed, perform DC Resistance, 
Noise, Torque and a visual examination for workmanship,­
per Para., 4.1, 4.2, 4.3 of this procedure and Para. 3.4.16 
of drawing no. GC-125355 Rev. H from MSFC. 
4.9- Load Test
 
4.9.1, Connect xixzy percent or the circuits is series and apply
 
115 volts AC @ 400 Hz.
 
4..9.2 	 Using the wire wound resistor, limit the current through

the series circuit to one ampere for 500 continuous hours.
 
4.9.3 	At the'end of 500 hours, connect the remaining fifty per­
.Pent of the circuits in series and apply the same voltage

and current for an additional 500 hours.
 
4.9'.4 	When the load test is completed, perform DC Resistance.
 
Noise, Torque and Insulation Resistance per Para. 4.1l, 4.2,_
 
4.3 and 4.4 of-this procedure.
 
4.10 Life
 
4.10.1 Install the capsule assembly in the life test fixture.
 
4.10.2 
Adjust 	the power supply to 10 VDC open circuit voltage and
 
- adjust the load applied to 0.010 ampere to all circuits in
 
series.
 
4.10.3 Oscillate the rotor 2 ±1 degrees @ '-8 Hz
 
4.10.4 	At intervals of 100 -10 hours during the test, the rotoz
 
shall be rotated one revolution for noise test of all si2
 
circuit pairs simultaneously.
 
4.10.5 	With the 8 channel optical recorder, monitor and record
 
-:the noise level on the data sheet.
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4.10.6 When the noise test is completed, return the rotor to the 
original oscillation position ±1 degree, using the 
mechanical locator on the fixture. 
4.10.7 5000 hours is the required duration of the life test. 
4.10.8 The entire life test shall be performed in a nitrogen 
atmosphere. 
4.11 Final Testing and Examination 
4.11.1 Upon completion of the life test, the capsule assembly 
shall be given the following tests: 
DC Resistance 
Noise 
-Torque 
Insulation Resistance per Parn. 4.1, 4.2, 4.3 and 4.4 of 
this procedure 
... and in addition a thorough visual examination 
4.11.2 The visual examination shall include workmanship, contamina­
tion and seizure, per para. 3.4.16 and 4.4.4.1c, (1)
and (2) of MSFC Drawing No. GC-125355 Rev. H. 
A. P P E N D I X II
 
TEST DATA 
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QUALT') CATION
 
INSUIATION RESISTANRC
 
P/S Part No. DP-1766 Serial No. _Z Date 

Test Voltage: Z37/'S Specification: . M,4egohms Minimum
tw 
Circuit Megohms
 
1 - 000 
2 g oet)­
3 660 
4 ,q 4 
5 L v0 0 , 
6 6, 0o 
9 50eO
 
10 //rj24 K
Ii 5-6 edO£ 
12 J4o ceO 
Technician
 
QUALIFICATION 
D.C. RESISTANCE 
IA'/i$ 1 
P/S Part No. DP-1766 Serial No. 3 Date /#- A9A 69 
Specification:-
-- .030 Ohmst .015 Ohms Maximum 
Test Current: 10 L\ 110 VDC 
Circuit Ohms 
± .66/ 
2 7szq 
5 .76 
7 .19 
8 o i77" 
9 ..__7/ 
11 .sYS 
12 . .7 
Technic; a~n 
QUALIFICATION
 
NOISE and TORQUE TEST 
P/S Part No. DP-1766 . Serial No.- . Date /#APJ 6# 
Noise Spec: Milliohn,.- Torque Soec: G/C Max.
 
G/C Min. 
Test Current: 100 WA @ 10 VLu Xotation: Al.lgl Oscillation: ti.6'z-
Ckt. Pairs Reading
 
1-2
3-4 ­
5-6
 
7-8 5­
9-10 
_ _ 
Starting Torque:. G/C
 
Tech nician
 
QUALIF ICAT ION
 
CAPACITANCE
 
P/S Part No. DP-1766 Serial No. 3 : Date /4 SoS 
Specification: PFD Maximum Mounted in handling fixture with 
readings taken through plugs. 
Circuit Ckt Pair Ground
 
2 43 _
_ 
3 /27
 
4 4
 
57
 
6 7
 
7 33
8 #4 -7v 
//
 
Technician
 
QUALIFICATION
 
ACCEL .ATION 
P/S Part No. DP-1766 Serial No. 6 Al in /I/d/- ' 9
 
Specification: 20 + 2G's for 30 Minutes each a
 
No. Axes: 3
 
DC Resistance 
 Noise
 
Ckt Pair Axis I Axis III Axis II
Axis II 	 Axis T Axis III 
1-2 I,' - /,-;Stb t,3o -n. 
_.__,-	 4 .. 4 _o 
-3-4 rP 3i3 E 1 :.2 	 7 _5 
5- .5- _, /1 91- 3­9_10 
9-10,' 45/, .305- 1,..-S 	 6 7- 7_ 
"
11-12 hS O 1,300 i, 6 	 "" 

REMARKS
 
Note: 	Axis I ,- Axial direction 
Axis II - Radial I (Brushes Horizontal) 
Axis III- Radial II (Brushes Vertical) 
Tehiian
 
QUALIF ICAT ON 
D.C. RPSSTANCI 
P/S Part No. DP-1766 Serial No. j Date 7 4./ 6 9 
.030 Ohmst .015 Ohms NaxirnumSpecification : 

Test Current: 10 MA @ 10 VDC
 
Circuit Ohms 
2 J nL­
3 ,____ 
6 o/ _ 
7 ,7P7 
- 9 
10 - . 6 ­
12 - 66,. 
Technician
 
QUALIFICATION 
NOISE and TORQUE TEST 
P/S Part No. DP-1766 Ser*ial No. 3 
Noise Spec: Milliohms 
Test Current: 100 11A @ 10 VDC ±kutation: 
Date & 
Torque .Spec: 
-r' oscillation: 
AA'f 6 
G/C Max. 
0/C Mi i 
_ _ 
Ckt. Pairs 
1-2 
5-6 
7-3 
9-10 
__ 1-12 
Reading 
_" 
6 
_ _ _ _ 
Starting Torque: / 4,6X G/C 
Technician
 
. QUALIFICAT] ON 
INSULATION RESISTANCE 
P/S Part No. DP-1766 Serial No. 3 Date z-,&z-5 
Test Voltage:__ 
__Q :Srecitication: Megohms Minimum 
Circuit Megohms 
1 , C 
2 
4Thncn 
5 4 C,tc 
6 X0 0__ 
10 
__ 
11 '0 
12 
Technician 
QUALIFICATION
 
VIBRATION TEST 
P/S Part No. DP-1766 Serial No. 3 Date -3 AE 6 
Amplitude Limits: O.66" Disp. /5-S Accel. 
Frequenc9 Limits: 20 to 2000 Hz 
Axis i iii3e SToPeL 
Maximum Noise: 30 Milliohns @ 0-k5-Hz 
Axis II 69S-6 ST-PR6D 
Maximum Noise: Z* Mil-liohms @ ?00-60 Hz 
0 7.. ' 2 C-"&AL,
 
Axis III oas-c n'PFC
 
Maximum 	 Noise: Milliohms @ s-0-?6C Hz 
REMARKS:TC C XTURIC St119rr,7- RjSOA/Ivrr-,7- 7ws r -&-. qF 
" Note: 	Axis I - Axial Direction 
Axis II - Radial I (Brushes Horizontal) 
Axis III - Radial II (Brushes Vertical) 
Technician
 
QUALIFICATION 
D.C. RESISTANCE 
P/S Part No. DP-1766 Serial No. 3 Date Z24 A5rJe 
__ 
.030 Ohns t .015 Ohms MaximumSpecification: _ _ 

Test Current: 10 M'L@ 10 VDC
 
Circuit Ohms
 
2 4 
. 3 - -7&3 
4 . __/ 
6 ­
7 
12 lo77_ 
Technician
 
QUALIFICATION 
NOISE anri Tm[MPOI11 TEST 
P/S Part No. DP-1766 Serial No. 3 Date S A-AC 69 
Noise Spec: " 4illiohms Torque Spec: G"/C Max. 
G/C Min. 
Test Current: 100 MA @ 10 VDC Rotation: ,21 uscillation:%_,_z 0 
Ckt. Pairs Reading" 
1-2 
3-45-6 
9-1o 
11-126 
Starting Torque: 19 /1Am G/C
 
Technician 
* QUALIFICATION 
INSULATION RESISTANCE 
.-P,'ST P/8R,97-01V 
P/S Part No. DP-1766 
Test Voltage': 562 4C 
Serial No. 5 
"pecification: 
Dat___ 
Megohms Minimum 
Circuit 
1 
2 
Megohms 
_jca _ 
1ech-cia
 
4r---f---fl
 
Technician 
UALIFICATION 
SHOCK TEST 
P/S Part No. DP-1766 Serial No. S Date "9"" !___ 
Specification: 20 G's No. Blows: 6 ( 1 blow each direction on 
each of 3 axes) 
Axis I 1 	 i Blow Down 
1 Blow Up 
Axis II _1 Blow Down 
1 Blow Up 
Axis 111 	 1- Blow., Domi 
1 Blow Up 
RML tRKS fffiui 	 9 14-.... 4 sy-'z 
Note: Axis I -	 Axial Direction 
Axis II - Radi'al 	I (Brushes Horizontal) 
Axis III - Radial 	II (Brushes Vertical) 
Technici an
 
QUALITFICATION
 
NOISE and TORQUP TESI
 
P/S Part No. DP-1766 Serial No. 3 Date .?-kflC 9 
Noise Speq: Milliohnis Torque Spec: G/C Max. 
.G/CMin. 
Test Current: 100 'MA@ 10 VDC. Rotation: )-p,-A Oscillation: A ,5-
Ckt. Pairs Reading 
1-2 /( 
3-4 
 A95-6 6 
7-8 6' 
9-ti._1 /0 
11-12 4 
!949/N 
Starting Torque: .9. - -G/C 
Technician 
QUALIFICATION 
D.C. RESISTANCE 
P/S Part No. 'DP-1766 
Specification: 
Test Current: 10 MA 2 10 VDC 
Ser.ial No. S Date ! 
'+.030Ohms±.015 Ohns Ma <imum 
Z f 
Circuit 
1 
2 
34 
f Ohms 
./C4'6 
. _ _ 
,_____ 
6 
8 
. 
_ _ 
_ _ 
10 
11 
12 
.3 
_ 
Tcii79 
_ _ 
Tech n ician 
QUAL] FJATION
 
INSULATION RESISTANCE
 
P/S Part No. DP-1766 
Test Voltage: -------DC 
Serial No. J 
-Specification: 
-Date f -/ -
Megohms 
? 
Minimum 
Circuit Megohms 
4 
5 
6 
12 
Technician
 
QUALIFICATION 
D.C. RESISTANCE
 
!4 
P/S Part No. DP-1766 Serial No. 7 Date 9 J-OL 4 
Specification: 
,-Test Current: 10 MA @ 10 VDC 
Circuit 
1 
2_ 
3 
4 
.5 
7 
9 
10 
11 
12 
Technician
 
1-.030 Ohms±.O15 Ohms Maximum
 
Ohms
 
66 
,- ,a9/ 
6477 
,d2z.
 
-,(,79 
.177 
QUALTFICATION 
N'OISE and TORQUE TEST 
P/S Part'No. DP-1766 Serial No. 3' -Date 0-oL69 
Noise Spec: Milliohrns Torque Spec: G/ Max. 
G/C 'Min. 
Test Current: 100 MA @ TO VDC Rotation: y-/3Q1 Oscillation: 1/2 
Ckt. Pairs Reading 
1-23-4 I - 4 
5-6 / 
9-10 // 
Starting Torque : G/C
 
Technician
 
QUALFIOATI ON
 
INSULATION RESISTANCE
 
- P/S Part No.-DP-1766 Serial No. 3 Date 7 /z -g 2 
Test Voltage: - lEgOC2e, . .•Specification : Megohms Minimur 
Circuit 'Megohms 
1 ' 
2
___/_o__X 
_
 
4 /

5
 
6
 
7 
102 ~ 
­
12 j/y, 
Technician"<­
QUAMI FICATION
 
]NSUIZTION RUSISTANC] 
P/S Part No. 1)P-1766 Serial No. 4 Date"'-- /e( 2 
Test Voltage: 0-O &0C Specification: Megohms Minimunm 
Circuit Megohms 
2 
3 
-45 
6 
7 
8 
9 
10 
11 
12 
4J:0 
)PP 
3jqao 0 
. -
7O 000 
md_­
t 0 q 
4-dO 
_ -_ _ _ 
40 
2<'0 
Technician 
'QUALIFICATION
 
D.C. RESISTANCE
 
P/S Part No. DP-1766" Serial No. 4 Date 3/ /zA'269 
Specification:__ ____ +.030 Ohms t .015 Ohms 'Maxim,-m 
Test Current: 10 MA @ 10 VDC 
Circuit 
1 
3 
45 
6 
7 
8 
Ohms 
-.1; 9
.70,2­
.1 
, 70.­
69/ 
.69­
.4 
10 
11 
12 
, __ 
. ______ 
. ____ 
_ 
Technician 
QUALIFICATION 
NOIXSE and TORQUE TEST 
IINITI,91 
P/S Part No. DP-1766 Serial No._ 4 Date / ,AP 69 
Noise Spec: Milliohms Lorque Spec-: G/C Max. 
G/C Min. 
Test Current: 100 rIt\ @ 10 VOC Rotation: RP/I" Oscillation: h2 OA 
Ckt. Pairs Reading 
1-2 '7 
3-4 -
5-6 
7-3 -5 
9-10 -
11-12 4 
Starting Torque:__ __ G/C
 
Technician
 
QUALIFICATION
 
CAPACITANCE
 
* Iv/ATA I
 
P/S Part No. DP-1766 Serial No. 4 Date /fAPR 6q9 
Specification: PFD Maximum 	 Mounted in handling fixture with
 
readings taken through plugs
 
Circuit Ckt Pair Ground
 
2 .4_3_ 
3 A7
 
4 -43 ­
5 47 - 27 
6 	 Z9_ 
7 
8 1215 
10 9 ~44 	 -7 
11 
12 	 ,--
Technician
 
- QUALIFICATION 
ACCELERATI ON 
P/S Part No. DPI-1766 Serial No. 4 Date i '6AtZ 9 
Srpecification: 
-20 + 2G's for 30 ,inutes each axis.
 
No. Axes: 3
 
DC Resistance 
 Noise
 
Ckt Pair Axis I Axis TI- Axis III 
 Axis i Axis II Axis III 
3-4 L,3g5 I,35 ---t 49-.- 3­
7-8 
.,45 1 
-­
9-10 /, 4s, /234-- Z- @4
3i-

11-12 i'% (.336' i/-40 &" 6
 
- REMARKS 
Nbte': 
 Axis I Axial direction 
Axis II - Radial I (arushes Horizontal)

Axis III- Radial II (Brushes Vertical)
 
Technician 
QUALIFICATION 
D.C. RESISTANCE 
P/S Part No. DP-1766 
Specification:" 
Test Current: 10 MA @ 10 VDC 
-Serial No. 4- Date / Z 
1-.030 Ohms t .015 Ohms Maximum­
/-5V? 
.Circuit Ohms 
3 
5 
7 
9 
10 
12 " 
.7/7 
, 
,y63ci 
, ZSO 
______-
J 
_ 
Techniccia.n 
QUALIFICATION 
NOISE and TORQUE TEST 
P/S Part No. DP-1766 Serial No. , Date JAi6 
Noise Spec: Milliohms- Tor-que Spec:_ - GC/C Max. 
G/C Mii:. 
Test Current: 100 MA @ 10 VDC Rotation: O-?,X- Oscillation: _ A S 
Ckt. Pairs Reading 
1-2 7 
3-4
 
5-6 --­
7-8
 
9-10 
] 19
 
Starting Torque: 2- "'/ G/C 
Technician
 
* QUALIFICATION 
INSULATION RESISTANCE 
P/S Part No. DP-1766 
Test Voltage: -,/ h 
Serial No. 4 
Snecification: 
__ 
Megohms Minimum 
Circuit Megohms 
2 
56 4'
, 
' 
Jnc'OC),¢ 
8 
910 
11 
12 
YC)Z 
_/Z/,> , 
,- e, 
2 
QUALIFICATION
 
VIBRATION TEST
 
P/S Part No. DP-17667Serial No. 4 
Amplitude Limits: D,6" Disp. /S'j Accel-
Frequency Limits: 20 to 2000 Hz " 
Axis I h 36C ,ra-pA , 
Maximum Noise: -9" Milliohms &.--
Date 
75Z Hz 
:73 ,9R W? 
Axis 1I 
Maximum 
13106 
310C 
Noise:_ 
8 
SY4tecD 
f Milliohms @ /50- 75 -0 11z 
*Axis III 
Maximum 
/433C &C4 ,AV 
/32 3VtRT9 
Noise: Y-9 Milliohms 2 7 __ 11?_-z 
REMARKS: 
A T 7-~ 
* 604,A'Z/Icd 
AtZM4FI&Vf j /6 
(01RCD7- A3? /x-P 
laPAt.4-CRC 
o1vcPXcCv 
C MsAE . 
Note: Axis I 
- Axis II 
Axis III 
-
-
-
Axial Direction 
Radial I (Brushes Horiizontal) 
Radial II (Brushes Vertical) 
Technician
 
QUALIFICATION
 
D.C-. RSISTANCE
 
P/S Part No. DP-1766 Serial No. Date 21 APR d9 
Specification: __ 4.030 Ohms±.05 .Ohms Maximu 
Test Current: 10 ,LA @ 10 VDC 
Circuit Ohms
 
2 , 767 
3 -_/ /v 
4 766 
57//6 7____ 
8 
9 ­
10 5 9___ 
Technic.an
 
QUAL1 FICATION 
NOISE and TORQUE TEST 
P/S Par.t No. DP-1766 Serial No. Date IA ,PR 69l ? 
Noise Spec: iilliohrms Torque Spec: G/C Max. 
G/C kMin. 
Test Current: 100 M1A @ 10 VDC Rotation: 3RP Oscillation: 6AS&D 
Ckt. Pairs Reading 
1-2 __-­
3-4 C 
5-6
 
7.18 
9-I0 _____ 
11-12 '7_ 
Starting Torque:__ - /gx G/C
 
Technician
 
QUAIA F]CATION
 
NSULATION R.S STANC-.
 
P/S Part No. DP--1766 
Test- Volt age: .i-fe 
Serl No. 
Snc,-i1cation: 
.Date -­, 
,enohms Mfin mum 
Circui t INegohms 
6 
12 
8 
Tech n ca an 
QUALYFICATION 
SHOCK TLST 
P/S Part No. DP-1766 Serial No 4 Date Fe/lte e 
Specification: 20 G's No. Blows: 6 ( I blow each direction on 
each of 3 axes) 
Axis I I1 Blow Down" 
1 1 Blow Up 
Axis I1 1 Blow Down 
/ I Blow Up 
Axis III f 	 L Blow Down 
1 Blow Up 
I~~~SMAP{KSlll A' utnav/;z 35/AKC­p 
Note: Axis I - Axial Direction 
Axis II - Radial 	 I (Brushes Horizontal) 
Axis III - Radial 	I (Brushes Vertical)
 
Technician
 
QUALIFICATION 
NOISE and TORQUE TEST
 
P/S Part No. DP-1766 Serial No. 4 Date { //C C 
Noise Spec.: i Illiohms Torque Spec: G/C Max. 
c/C Mi n. 
Test Current: 100 M.\ 0 10 VDC Rotation:- 0/" Oscillation;_>6l4 ts 
Ckt. Pairs NReading 
1-2 5 _ 
3-4 
5-6 
____ 
_ 
g-to _______ 
11-12 7 
Starting Torque: /9 ,.X . /C 
Technician
 
QUALIFICATION
 
D.C. RESISTANCE 
P/s Part No. DP-.1766 Serial No. 4 Date/'
 
Specification: 
 +.030 Ohmst .015 Ohms Maximum 
Test Current: 10 AN @ 10 VDC 
Circuit Ohms 
2 
3 .7/6 
476 
6 
­
7 
9 5?14_ 
10 

______sg 
11 , 74a 
12 ,66 
TeChnician
 
LJUAL lFiCATiON
 
INSULATION RESISTANCE
 
P/S Part No. DP-1766 Serial No. Dat 
Test Voltage: 57CUOIIDc Specification: <Megohms Minimum 
C-rcult JMegohmis 
2 eLVoo 03 9,O 1 
4 
6 
7 Ron 
9 . 
12 
a'echrn cia 
OUALIFICATION 
DtC. RESISTANCE 
P/S Part No. DP-1766 
Snecification: -
Serial No. 4 rate 8 
+.030 Ohms±.O15 Ohms Maximum 
JZ)L 6-
Test Current: 10 MI@ 10 VDC 
Circuit 
1 
2-
Ohms' 
700 
93 
4 
6 
7 
a 
9 
10 
11 
12 
.1?g
48 
', _ _ 
e6niia 
T'echnic Jan 
QUALIFICATION 
NOISE and TORQUE TEST 
P/S Part No. DP-1766 Serial No. _ Date U -- 6 9 
Noise Spec: Mi] liohms Torque Spec: G/C Max. 
c4/c 1.in. 
Test Current: 100 M1A @ 10 VDC 'Rotation: A'_p___ Uscillation: 4A> 
Ckt. Pairs 
1-2 
Reading
4 
3-4 4 
5-6 
7-8 
9-1031-12 
-Starting Torque: 2 G/C 
Technician 
QUALIFICATION 
INSULATION RESISTANCE 
..A ,EAC4DThs7-
P/S Part No. DP-1766 Serial No. 4 Uate_/-/ _-__ 
Test Voltage:_Ce ,Specification: *Megohins Minimum 
Circuit Megohms 
2 44 
3 _5 
4 13-0 
5 / 
7 -
9 
10 el, 
12 4Z 
Techinician
 
QUALIFICATION
 
4SULATION. RIS ISTANCE 
I AQ 77-/,9 & 
P/S Part No. DP-1766 Serial No. "-)Date -3 9 
Test Voltage: 52/ VDID&- Specification: Megohms Minimum 
Circuit Megohms
 
2
 
3 Z-00 
4 , 
5 Mt- .T
 
6
 
7 "c' 
8 f,
 
* 10 . _ 
j12S1 "__________2 
Tehi zi
 
Technician
 
QUALIFICATION
 
D.C. RESISTANCE
 
P/S Part No. DI-1766 Serial No. NPC s. Date 
F.030 Ohms t .015 Ohms MaximumSpecificeation:_ 
Test Current: 10 MLA @ 10-VDC 
Circuit -Ohms 
233 
3 6344 __7 __ 
5 . 30
 
6
 
7 .Tecnii­
9 .___;? _ 
11 s_ 
12 .69A 
Technlii1 clan 
QUALIFICATION 
NOISE and TORQUE TESI 
IAt 17M) 
P/S Part No. DP-176G Serial N. OAF(ft Date 14/4P/Q -a9 
Noise Spec: milliohms Torque Spec: G/C Max. 
G/C Min. 
Test Current:- 100 MA @ 10 VDC Rotation: 2flPl7 Oscillation: _/_/z 
Ckt. Pairs Reading
 
1- 3 
5-6 -
Starting Torque: "4- G/C
 
Technician
 
QUALIFICATION
 
CA PACITANCB
 
P/S Part No. DP-1766 Serial No. A/_N______, ) Date /4 AA s'9 
+
Specification: PFD Maximum Mounted in handling fixture w'
 
-- lings taken through plugs. 
Circui t Ckt Pair Ground1 -39 77 
2 >-7 
4 -37
 
64 
7 16 
8 -,27 
9 4677__ 
11 1 
12 -- 37 
Technician
 
ACCELERATION 
-P/S Part No. DP-)766 Serial No. N,/AW w3 -Date /-/ PR 6 -
Specification; 20 + 2G's, for 30 MinuItes each axis.
 
No. Axes: 3
 
DC Resistance "" 
 Noise
 
Ckt Pair fAxis I Axis II Axis III Axis I Axis II 
 Axis -3l 
8-4 i,vmq-- ji.s¢-- 14.5 _ _ 7 4 
__ _ 
_--,__-_ 
--- 56 
_ 
_ I, ,- j.A.f ,,_ o_ 
_ _ 
REMARKS
 
Note: Axis I - Axial direction 
Axis II - Radial I (Brushes Horizontal) 
Axis III- Radial II (Brushes Vertical) 
Technician 
QUALIPCATION 
D.C. RFSISTANCE 
P/S Part No. DP-1766 Serial. No. OAIf </ Date/ 4 
Specification: -.030 Ohrs±.015 Ohms Maximum 
Test Current: 10 A @ OAVDC 
Circuit Ohms 
2 __t____ -
34 , 3 7__ _71 
65 5 Fr9 
78 _ 4-1 _____ 
10 , 4-0 
11 /x ___0 
12 ,/77 
Technician
 
QUALIFICATION
 
NOTSE and TORQUE TEST 
P/S PartNo. DP-1-766 Serial No.__ "__ Date / 
Noise Spec. Milliohins Torque.Spec: G/C Max. 
G/C Min. 
Test Current: 100 MA @ 10 VDC Rotation: R,,P/ " Oscilltion: //LS-4q 
Ckt. Pairs Reading
 
1-2 4 
3-14 3 
.5-6 4­
7-8
 
9-10
 
-12 3 
' ' 
Starting Torque: 3S i-9- G/C
 
Technician
 
QUALIFICATION 
INSULATION PsiSTANICE 
P,>S7- ,fccLZI.kn-7oMl 
P/S Part No. DP-1766 Serial No. _N/VA .S Date 4- , t -. 
Test Voltage: r V,,) Specification: 
-
*._ eegohms linimuim 
Circuit 
.1 
2 
Meg ohms 
m 
4 
56 
7 
8 
9 
170, 
11 
12 
/S o? 
A e____ 
7,oo 
lechnician" 
QUAL FICATION 
VIBRATIONT TEST 
P/S Part No. DP-1766 Serial No_/~~/t~Datez26s 
Amplitude Limits; g.OP Disp. jgg Accel. 
Frequency Limits: 20 to 2000 Hz 
/ / / SC5 
Axis I IA/S 57isropptt 
Maxilhnm Noise: /P-/4 Milliohms @ .6dd-/.-2Hz 
Axis II /L3SC $zPpot 
1,Naxiirum"Noise: / Milliohms @. 700-/iZS I 
Axis III I -sy-o~pS 
Maximum Noise: /6 Milliohms @ 7/20-6 l1z 
REMARKS: P,5A oA.c-occ.,kc $T *-S4'N/rR,- F/97-. rO , /tX7"kC ' 
Note: Xxis I 
%xis TI 
\xis III 
-
-
-
Axial Direction 
Radial I (Brushes Horizontal) 
Radial II (frushes Vertical) 
Techn icir ­
QUALIFICATION
 
D.C. RESTSTANCE
 
P/S Part No. DP-1766 - Serial No._wdw 4bs) Date ;Z4 4P191 
Specification:- - 30 Ohms±.015 Ohms Maximum 
Test Current: 10 'A @ 10 VDC 
Circuit Ohms 
2 , ___- _ 
3 4 6 3 
4 - 6 
6 
9= 
10 
__ 
__ 
1i ,61 Sia-n 
Technic ian 
QUAII ICATION 
Ni\0SE and TORQUE TFST­
/ Date
P/S Part No. DP-1766 Serial No.__A0/p1 -) .-4 APeS? 
Noise Spec: Milliohms Torque Spec: G/C Max. 
G/C Min. 
Test Current: 100 T'E WC gig" oilltion:la t o@ 10 Rotation: s 6 
Ckt. Pairs Reading 
r
-,-1 s-/ 

q--8 6-J 
Starting Torque: 3i9 4y9 G/C 
Technician 
0 
QUALIFCATION 
INSULTIONT RESISTANCE 
POST IBR,977"/O9 
P/S 
Test 
'art No. DJ'-1766 
Voltage: SOCT MILC 
Serial No. -6/-"s/gh,) 
SDecification: 
Date(ILC4 
Megohms Mininum 
Circuit 
1 
2 
3 
4 
5 
6 
7 
8 
Megohms 
7c 
7­
_b 7--­
30o 
10 
12 s , 7-
Technician 
QUALTFICATION 
SHOCK°TEST 
P/S Part No. DP-1766 Serial No. Wows s, Date -/P C 
Specification: 20 G's No. Blows: 6 ( 1 blow each direction on 
each of 3 axes) 
Axis I 	 1 Blow Down 
1 Blow Up 
Axis In I Blow Down 
J 1 Blow Up 
Axis III 	 1 Blow Down 
1 Blow Up 
REttMcs ICS 3W C _D& 	 2 SUA770/N 
Note: Axis I -	 Axial Direction 
Axis II - Radial 	 I (Brushes Horizontal) 
Axis III - Radial 	II (Brushes Vertical)
 
Technician
 
QUALTPI CATION 
NOISE and TORQUE TEST 
P/S Part No. DP-I766 
Noise Spec: 14I4 lliohlf 
Test Current: 100 . . 
Serial No. ___)__ 
T6rque 
JC Rotation: RI0P1V 
Date 3gO- R69vw 
Spec: G/C IMax. 
'Gc/C Min. 
Oscillation: /#7-2 4 
Ckt._Pairsj 
-4== 1-4. 
Reading 
-57 
-q-.-9 6 
Starting Torque: 378 "kX G/C
 
Teccni'cian
 
QUALIFICATION 
D.C. RESTSTlANCE 
POST- 54'Oct 
P/S Part No. DP-1766 
Specification: 
Test Current: 10 MA @ 20 VDC 
Serial No. DaD'S/d te 
.030 Ohms! .015 Ohms Maximum 
Z /L. 
circuit 
2 
4 
5 
Ohms 
,740 
10 
11 _ _ _ 
Technician 
QUALI FICATION 
rNSULATION RESISTANCE 
P/S Part iNo. DP-1766 Serial No. Wd gy)Date_/ 2 
Test Voltage: S-0& &Dc_ Specification: Megohms Minimum 
Circuit MegohmsJ 
2 
4 rAh 0 ,fl7­
5 MK4Ax
 
6 ro7 
9 s., tZ.:__ 
12
 
Technician 
QUALIFICATION 
D.C. RESISTCANCE 
P/S Pari -No. DP-1766 
Specification: 
Test Current: 10 14A @ 10 VDC 
Serial No. W&,vc/a 
+.030 Ohns t .015 
Date S J-'t/ 
Ohms Maximum 
Circuit 
1 
12 
3 
4 
7 
Ohms 
.6e.56j._/_ 
.631 
12 - 6 76 
Technic] an 
QUALTFICATION, 
NOISE and TORQUE TEST 
-/-47-R LO,4D 7-Z5, 
P/S Part No. DP-1766 Serial No._/M c/I=- ) Date 83-z 
Noise Spec: ?4illiohms Torque Spec: G/C "ax. 
G/C Min. 
Test Current: 100 MA @ 10 VDC Rotation: SAL Oscillation: / 
Ckt. Pairs Reading 
N-1- /4­
-Starting.Torque: G/C
 
Tehiian
 
QUAI;TFICATION
 
INSULATION RESISTANCS
 
.A7- g LOAD 7 -V- r 
P/S Part No. DPI-1766 
Test Voltage: S5 o Y ,s . 
Serial No. ,Dae, , 
.Specification: Meoohms 
-r 
Minimum 
Circuit_ Megohms 
23 -I, t ~ St'-l,c. 
6 
7 
9 
10 
12 
"-
Jo 
/,i _,sg 
Technician 
A P PEN D I X IV
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